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EXPERIMENTAL AND THEORETICAL STUDY OF TRE INTERFERENCE 
AT LOW SPEED BETWEEN SLENDER BODIES 
AND TRIANGULAR WINGS 
By Edward J. Hopkins and Hubert C. Carel 
SUMMARY 
The aerodynamic characteristics of several wing-fuselage combina -
tions were measured at a Mach number of 0 . 25 . Each combination con-
sisted of a triangular wing with an aspect ratio of 2.0 and a body of 
revolution having a fineness ratio of 12 . 5. The ratios of maximum body 
diameter to wing span were 0 . 196, 0 . 259 , 0 .343, and 0.500 . The measured 
forces and moments are compared with the predicted values for each of 
the wing -body combinations and for the wings in the presence of the 
bodies. 
The forces and moments on the wings in the presence of the bodies 
were, in general , predicted satisfactorily by the Weissinger method . 
In order to obtain good agreement with experiment for the case of a 
variable angle of attack and a fixed angle of wing incidence , it was 
necessary to include in the calculations the velocities which are induced 
by the body. The Lennertz method gave a good estimate of the forces 
carried over the body. 
INTRODUCTION 
The importance of including the forces and moments mutually induced 
by a wing and a body in theoretical analyses of combinations having 
relatively large bodies is indicated in reference 1 . Good agreement 
between the experimental and theoretical results is shown therein for an 
un swept wing (aspect ratio 3. 0) combined with a body of revolution for 
ratios of body diameter to wing span of 0 . 196, 0 .259 , and 0 . 343. A 
simple procedure is presented in reference 1 for calculating the aero -
dynamic forces and moments of wing-body combinations, considering the 
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velocities mutually induced by the wings and bodies and employing the 
methods of references 2, 3, 4, and 5. 
The research reported in reference 1 has been extended to include 
combinations of triangular wings having an aspect ratio of 2 and bodies 
of revolution. The aerodynamic forces and moments on the triangular 
wings in the presence of the bodies and on the wing-body combinations 
have been measured for ratios of body diameter to wing span of 0.196, 
0.259, 0.343, and 0. 500 . Comparisons are presented herein between t he 
results predicted by the method given in reference 1 and the measured 
results for each of the triangular wings combined with the bodies and 
for the triangular wings in the presence of the bodies. 
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NOTATION 
4B bending -moment coeffiCient, qSb 
lift coefficient, 
lift 
qS 
drag 
drag coeffiCient , qS 
M pitching-moment coeff icient , 
qSc 
N 
normal -force coefficient , qS 
wing span 
bending moment of wing about the body longit udinal axi s (pos i t i ve 
for clockwise direction looking upstream) 
local wing chord 
mean a e rodynamic chord , 
cr wing root chord on the longitudinal body axis 
d maximum di ameter of body 
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d/b 
2 
L/D 
M 
N 
q 
S 
x 
y 
a. 
x 
c 
ratio of maximum body diameter to wing span 
angle of wing incidence relative to body axis (positive with wing 
trailing edge down) 
body length 
CL lift - to -drag ratio, 
CD 
pitching moment about the lateral axis passing through the 0 .25 C 
point 
force normal to the body axis 
free - stream dynamic pressure 
total wing area 
longitudinal distance from 0 .25 c to aerodynamic center (positive 
for distances ahead of 0 . 25 c) 
lateral distance from longitudinal axis of body 
angle of attack 
location of aerodynamic center , ( dCm/diw '\ or (dCm/do. '\ dCN/diw~oO dCN/do.~w=OO 
( dCb/diw) spanwise location of center of pressure, 
dCN/diw 0.=00 
( d~/do.) 
or dCN / do. iw=O 
MODEL DESCRIPTION 
3 
Each of three geometrically similar triangular wings was combined 
separately with the medium- sized body tested in reference 1, with result-
ing ratios of maximum body diameter to wing span of 0.259 , 0.343, and 
0 . 500. The largest of these triangular wings was also combined with the 
smallest body tested in reference 1 to give a diameter-to-span ratio 
of 0.196 . Sketches and dimensional data for each of the combinations 
572TF16IE# 
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are presented in figure 1 . For the tests in which the angle of wing 
i ncidence was varied, the wing panels were rotated about a lateral axis 
passing through moment centers shown in figure 1 . Photographs of each 
of the wing -body combinations are presented in figure 2. 
Each of the wings had an aspect ratio of 2 . 0 , a taper ratio of 
zero , a leading- edge sweepback of 63 .430, and the NACA 0005 profile 
(modified with straight sides near the wing trailing edge ) in vertical 
planes parall el to the wing root chords . The coordinates for this 
profile are given in table I . 
Some tests were conducted with dorsal fins , 
board, on top of the wing -body combination with 
fig. 3. ) The vert ical height of the dorsal fins 
radius at each longitudinal station . One dorsal 
full length of the body, the other extended over 
the body . 
TEST PROCEDURE 
made of 1/4- inch pressed 
dlb = 0 . 500. (See 
was equal to the body 
fin extended over the 
only the rear half of 
The tests were conducted in one of the Ames 7- by 10 -foot wind 
t unnels at a dynamic pressure of 90 pounds per square foot . The Mach 
number was 0 . 25 and the Reynolds numbers (based on the mean aerodynamic 
chord of each wing) were 3 . 94, 3 . 94, 2 . 98 , and 2 . 05 million for the 
models having diameter - to - span ratios of 0 .196, 0 .259, 0 . 343 , and 0 . 500 , 
respectively. Measurements were made of the normal -force , pitching -
moment , and bending -moment characteristics of the wings in the presence 
of the bodies and of the pitching -moment, lift , and drag characteristics 
of the wing -body combinations . The forces and moments were measured on 
t he wings in the presence of the bodies with the wings at angles of 
inc idence relative to the body axis of 00 , 20 , 40 , 60, 80 , and 100 • The 
forces and moments were also measured for each of the combinations with 
the wings rigidly attached to the bodies at angles of wing incidence 
of 00 , 60 , and 100 . 
The six - component balance system of the wind tunnel ,{as used to 
measure the forces and moments on the wing -body combinations . For the 
measurements of the forces and moments on the wings in the presence of 
t he bodies , the left wing panels were supported from within the bodies 
by a three - component strain- gage system. Data were taken for the wing -
body combinations throughout an angle -of -attack range from 00 to 280 . 
~e angle -of -attack range for the wing in the presence of the body was 
from 00 to 200 , because deflection of the strain gages would allow the 
wing t o touch the body at higher angles of attack . 
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With the wings mounted on t he strain gages, the following portions 
of the wing -body intersections wer e sealed. 
d Portion sealed, 
- ~ c b 
0 . 196 15 to 71 
. 259 0 to 61 
. 343 0 to 69 
. 500 0 to 82 
The seals consisted of thin rubber tubes filled with air which was main-
tained at a constant pressure throughout the angle-of-attack range. 
With the wing incidence 00 , a gap not wider than three-sixteenths inch 
existed between each of the wings and the bodies over that part of the 
intersection which was unsealed. As the angle of wing incidence was 
increased up to 100 these gaps progressively became larger. Photographs 
of the gaps between the wings and the bodies with a wing incidence of 100 
are shown in figure 4. 
For the tests of the wing -body combinations with the wings rigidly 
attached to the bodies, measurements were made with the gaps at the wing-
body intersections sealed and unsealed. 
CORRECTIONS 
The aerodynamic effects of the model support struts (strut tares) 
were determined by means of an image - strut system. The strut tares 
measured with the wing incidence 00 were also applied to the data with 
the wing incidence other than 00 • 
The experimental data were corrected for the effects of the wind-
tunnel walls by the method of reference 6. Nei ther S'YTeep nor body 
ef fects were taken into account in applying these corrections. The mag-
nitudes of the effects n~ sweep and of the bodies on the corrections 
were estimated to be wituin the accuracy of the experimental results . 
The angl e of attack and the drag coefficients were corrected as follows: 
a. = CLu + Kl CLu 
CD = Cnu + K2 (CLu)2 
m JiiWSWnJZ£ 
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where the subscr ipt u denotes t he uncorrect ed values . The constants 
Kl and K2 are given below for each model . 
d/ b 0. 500 0. 343 0 .250 0.196 
Kl 0.186 0. 415 0 . 770 0. 770 
K2 . 00277 . 00576 . 00996 .00996 
With the wings mounted on the strain gages , the change in the angle 
of wing incidence due to the deflection of the gages by aerodynamic 
loads was calculated f rom stress considerations and checked during the 
calibra tion of the str ain gages . All t he data for the wings in the 
presence of the bodi es have been cor rected for this change in incidence . 
The magnitude of this correction was not greater than 0.60 for any of 
the wing -body combinations . To arrive at curves for constant angles of 
incidence , i t was necessary to cr ossplot the data; therefore , no experi -
mental points appear in the figures containing the data for the wings 
in the presence of the bodies . 
RESULTS AND DISCUSSION 
In the discussion that follows , the experimental results are 
presented for the wings in the presence of the bodies and for the wing -
body combinations . The experimental results are compared with the 
theoretical results for each model . The procedure followed in calculat -
ing the forces and moments is described briefly her ein and in more 
detail in reference 1. 
Wings in the Presence of the Bodies 
The measured normal -force , pi tching -moment , and bending-moment 
coefficients as functions of angle of attack are presented in fig -
ures 5 (a) , 5(b ), and 5(c ) for constant angles of wing incidence. The 
results from cross pl otting these coefficients for an angle of attack 
of 00 are presented as functions of wing incidence in figures 5(d) , 5( e), 
and 5(f). 
For variable wing incidence (a = 00 ) , the theoretical normal -force 
curves in figure 5(d) were calculated by the WeiSSinger method (ref. 2) 
with the neglect of any reflected induced forces from the body . The 
normal -force coefficients eN based upon the total wing area were cal -
l 
culated by the following equation: 
- ltELUZiGI£& 
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(1) 
where it is assumed that dCL/diw is the Weissinger lift - curve slope 
given in reference 21 and CL = CN cos iw' The close agreement between 
the experimental and theoretical normal-force-curve slopes in figure 5(d) 
indicates that the bodies induced a negligible amount of normal force on 
the wings when the body angle of attack was 00 • Throughout the figures 
it will be noted that some of t he experimental curves do not pass through 
zero at a = iw = 00 as would be expected for the symmetrical models. 
The complete explanation f or this displacement is unknown, but it may be 
attributed largely to inaccuracies in initial settings of iw and a, to 
slight a symmetry of the wings and bodies, or to inaccurate determination 
of tares. The comparisons between the experimental and theoretical 
force and moment coefficients will therefore be made on the basis of the 
slopes of the curves. 
The theoretical values of the pitching-moment and bending-moment 
coefficients in figures 5(e) and 5(f), for variable wing incidence 
(a = 00 ), were calculated by assuming the normal force to act at the 
position given by the Weissinger method (ref. 2). The equations for 
calculating these coefficients for triangular wings are 
Cm = [ H - * (1-~1 ) ( 1- %) ] CN 1 
Cb = [ ~ 1 (1 - ~) + ~ ] CN 1 
(2) 
( 3) 
where ~1 is the spanwise center -of-pressure position given in refer-
ence 2. As shown in figure 5(e) the predic t ed pitching moments are low 
by as much as 20 percent for the smallest d/b ratios, but were essen-
tially correct for the largest diameter-to-span ratios. The experimental 
bending-moment coefficients are in good agreement with the predicted 
values for all the combinations presented in figure 5(f). 
For variable angle of attack (iw = 00 ), the forces induced by the 
body on the wing must be accounted for in the calculations to realize 
close agreement with the experimental results for wing-body combinations 
having large body diameters relative to wing span. (See ref. 1.) 
l For any wing-body combination employing a triangular wing, the aspect 
ratio based upon the exposed area and span has the same value as the 
aspect ratio based upon the total area and span. 
il iliIE I tI dEB a 
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These induced forces were calculated by the Weissinger method, using the 
body-induced flow angles given by potent i al-flow theory for bodies in 
the manner illustrated in reference 1. These induced normal-force coef-
ficients CN2 were added to the coeffic i ents CN1 calculated by equa-
tion (1) so that the normal-force coefficient becomes eN = CNI + CN 2 • 
The results, shown in figure Sea), of following this procedure indicate 
that the predicted normal forces were of the proper magnitude for the 
smallest diameter-to- span ratio, low for the two largest diameter-to-span 
ratios , but cons iderably low for the combination with D/b = 0 .259. The 
reason for the larger difference between experiment and theory for the 
latter combination is unknown. 
For variable angle of attack (iw = 00 ) , the pitching- and bending-
moment coeff icients were also calculated from equations (2) and (3) but 
by using a different spanwise location of the center of pressure ~3' 
derived by considering the location and magnitude of the force induced 
by the body. The value of ~ was calculated from the following 
3 
equation : 
where CN
2 
deno t es the normal -force coefficient induced by the body 
(based on the total wing area) , and ~2 is the spanwise location of the 
center of pressure of the normal force induced by the body, measured 
from the wing -body intersection (see ref. 1). 
According to the results presented in figures S(b) and S(c) , this 
procedure gave about the proper magnitudes of the pitching and bending 
moments for the two largest diameter - to - span ratios but underest i mated 
the pitching and bending moments for the two smallest diameter-to-span 
ratios . 
The measured and predicted effects of changes in the relative size 
of the wing on the location of the aerodynamic center and spanwise 
location of the center of pressure are shown in figure 6. The experi-
mental points f or the wing alone (d/ b = 0) are from reference 7. The 
compar ison presented in figure 6 i ndi cates that the theory, in general , 
gives the proper variation of the locations with diameter-to- span ratio. 
The experimental scatter shown in figure 6 might be considered indica-
tive of the accuracy of the experimental results . 
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Wing-Body Combinations 
The span load distribution on wings having low aspect ratios is 
approximately elliptical. For this reason the calculations made by 
Lennertz in reference 5 for an idealized wing-body combination with 
minimum induced drag were used for estimating the amount of load carried 
over the bodies of the present investigation. The results of his calcu-
lations for wing-load carry-over as a function of diameter-to-span ratio 
are shown in figure 7. The experimental points shown in figure 7 were 
computed from the expression 
for which the angle of attack is 00 , Since it was not possible to isolate 
from the experimental results the amount of load carried on the body in 
front of and behind the wing with the body inclined. The experimental 
values computed by this method are within 6 percent of those given by 
Lennertz. 
The experimental normal-force and pitching-moment characteristics 
for the various wing-body combinations with the gaps sealed and unsealed 
are presented in figure 8 . (See Test Procedure for description of gaps.) 
The results indicate that the seals had a small or negligible effect 
with an angle of incidence of 00 , but the seals generally increased the 
normal force and the longitudinal stability at the higher angles of 
incidence for the smallest diameter-to-span ratios. At an angle of 
incidence of 00 , data were taken for the diameter-to-span ratio of 0 .5 
only with the gaps sealed. The incremental normal force produced by 
a Wing-incidence change decreased cons iderably at the higher angles of 
attack as the diameter-to-span ratio became large. For the diameter-to-
span ratio of 0 . 5 , a wing incidence change was relatively ineffective 
in increasing the normal force at angles of attack above about 200 • 
For variable incidence (a = 00 ), the theoretical results shown in 
figures 8 (e) and 8(f) for the combinations were calculated by multiply-
ing the normal-force and pitching-moment coefficients computed from 
equations (1) and (2) by the Lennertz carry-over factor in figure 7. 
This method neglects any mutually reflected effects from the wing and 
the body and assumes that the chordwise position of load on the body is 
identical to the position of the load on the wing in the presence of the 
body. Comparison between experiment and theory in figure 8 (e) indicates 
BIIUh3i£@ 
__ J 
10 _ [ZSI1liC14£ NACA RM A53Al4 
that this method gives the proper magnitude of the normal force for all 
the combinations . However , as shown in figure 8(f), the theory tends 
to underestimate the pitching moments at the higher angles of incidence, 
especially for the larger diameter-to-span ratios . It is believed that 
these discrepancies are caused primarily by neglect of the flow induced 
by the wing over the body . Flow observations by means of tufts mounted 
on the combination with dl b = 0. 343 indicated that the downwash angles 
behind the wing are greater than the upwash angles in front of the wing. 
With these induced angles accounted for in the calculations, more nega-
tive pitching moments would have been predicted than those presented in 
figure 8 (f). 
The theoretical results presented for the wing-body combinations 
in figures 8 (a), 8 (b), 8(c) , and 8 (d) with variable angle of attack 
(iw = 00 ) , were calculated by adding the forces and moments for the 
wing in the presence of the body (wi th the body induced effects included) 
times the Lennertz carry- over factor to the forces and moments on the 
body as given by potential theory . The forces on the body behind the 
wing were considered zero because the flow leaves the trailing edge of 
a low-aspect-ratio wing nearly parallel to the mean line of the wing. 
On the assumption that potential flow exists , it can be shown easily 
that the lift on the body ahead of the wing depends only upon the flow 
angle and the body cross - sectional area at the intersection of the wing 
leading edge and the body surface (e . g., ref . 4). For the highly swept 
wings , it makes little difference in the final calculated results 
whether or not the velocities induced by the bound vortex line are con-
sidered . In view of this fact , the angles induced by the bound vortex 
were neglected in the cal culations , and the flow angles at the inter -
section of the wing leading edge and the body surface were assumed to 
be equal to the angle of attack . This procedure differs therefore from 
the procedure given in the appendix of reference 1 in which these induced 
angles were accounted for in the calculations for unswept wings . From 
t he derivations given in reference 8 the normal-fo~ce and pitching -
moment s l opes for the body ahead of the intersection of the wing leading 
edge with the body surface , with potent ial flow assumed, are : 
wi th the assumption that cos a ~ 1 . 0 . 
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The symbols not defined hereinbefore are: 
8 1 cross-sectional area of the body at the intersection of the 
wing leading edge and the body 
(Vol~ volume of the body from the body nose up to the point at which 
the wing leading edge intersects the body 
xm longitudinal distance from the moment center to the intersection 
of the wing leading edge with the body (positive for moment 
centers ahead of this intersection point) 
Good agreement is indicated in figures 8(a) to 8(d) between the 
experimental and predicted normal-force and pitching-moment slopes at 
the low angles of attack, except for the largest diameter-to-span ratio. 
It can be concluded that the lack of agreement for this combination is 
a result of an inadequate analysis of the forces and moments on the 
body in the presence of the wing. At the higher angles of attack both 
the normal-force and pitching-moment results indicate, particularly for 
the combinations with the smaller wings, a positive force acting behind 
the moment center, possibly a normal force produced by the viscosity of 
the fluid. This suggestion of a normal force due to viscosity effects 
is further substantiated by the gradually increased curvature of the 
normal-force curves as the body becomes larger relative to the wing. 
This force would theoretically be proportional to the square of the 
angle of attack. The inclusion of this additional normal force in the 
calculations would also improve the agreement between the experimental 
and predicted pitching-moment coefficients at the higher angles of 
attack. 
The aerodynamic-center locations for the combinations are presented 
in figure 9 as a function of diameter-to-span ratio. For variable angle 
of attack (iw = 00 ), the predicted variations of the locations with 
diameter-to-span ratio are in general agreement with the experimental 
variation. However, with variable angle of incidence (a = 00 ) the pre-
dicted locations are forward of the measured locations. As suggested 
previously, this discrepancy is probably attributable to the neglect of 
the flow induced by the wings on the bodies. 
The drag characteristics of all the wing-body combinations (iw = 00 ) 
are shown in figure 10 . Sealing the small gaps between the wings and 
the bodies had the detrimental effect of decreasing slightly the maximum 
lift-to-drag ratios. The combinations with the smaller wings were the 
least efficient combinations as evidenced by the lower lift-to-drag 
ratios. 
--------~- ----- - --
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Dorsal Fins 
During the course of the investigation, a large increase in static 
longitudinal stability was noted for the largest diameter-to-span ratio 
at angles of attack above 220. (See fig. 8(d).) It was reasoned that 
a more linear pitching-moment curve would result if the normal forces 
near the rear of the body could be reduced at the high angles of attack . 
Unpublished r esults for a circular cylinder indicate that a plate alined 
in the free - stream direction and attached on the lee of the cylinder 
reduces the cross force at subcritical Reynolds numbers. Consequently, 
dorsal fins having two different lengths were tested on the upper sur-
face of the fuselage with the smallest wing. One dorsal fin extended 
over the length of the fuselage and the other covered the rear 50 per -
cent of the length of the fuselage. The experimental results are 
presented in figure 11. The dorsal fins made the pitching-moment curve 
more linear at the higher angles of attack, but did not greatly affect 
the data at the lower angles of attack . The drag results presented in 
figure ll (b ) show that either dorsal fin increased the total drag at 
all normal -force coefficients . 
CONCLUSIONS 
The results of tests at a Mach number of 0. 25 of several combina -
tions of slender bodies and triangular wings which had ratios of maximum 
diameter - to -wi ng span , d/ b of 0.196, 0. 259, 0.343, and 0 .50~ indicate 
the following : 
Wings in Presence of Bodies 
1 . For a variable wing incidence and an angle of attack of 00 , 
the normal forces and bending moments were satisfactori ly predicted by 
use of the We iss inger method , with the neglect of any mutually induced 
effects between the wings and the bodies . The pitching moments were 
accurately predicted for the two smalles t wings but were predicted up 
to 20 percent below the measured values for the largest wing relative 
to the fuselage . 
2 . For a variable angle of attack and an angle of incidence of 00 , 
the predi cted normal forces , which included those forces induced by the 
bodies, were of the proper magnitude for d/ b = 0.196, low for d/ b = 0. 343 
and 0. 500, but considerably low for d/b = 0. 259 . The pitching and 
bending moments were correctl y estimated for d/ b = 0. 343 and 0. 500 j but 
the pitching and bending moments were underestimated for d/b = 0 .196 
and 0 . 259. .. ~ 
REMAR IB§t 
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3. The theory gives , in general, the proper variations of the 
location of the aerodynamic center and the spanwise location of the 
center of pressure with relative wing size. 
Wing-Body Combinations 
1. For a variable wing incidence and an angle of attack of 00 , 
13 
the normal forces were satisfactorily predicted by applying the Lennertz 
carry-over factor to the predicted forces for the wing in the presence 
of the bodies. The theory gave the proper magnitude of the pitching 
moments for dlb = 0.196 and 0.259, but underestimated considerably the 
values for d/b = 0.343 and 0.500. These low estimates are believed to 
be a result of neglecting the flow induced by the wing over the body. 
2. For a variable angle of attack and a wing incidence of 00 , 
good agreement with the experimental forces and moments was obtained, 
except for the combination with the smallest wing, at low angles of 
attack by including the forces acting on the forward part of the bodies, 
as given by potential-flow considerations, in the calculations and by 
applying the Lennertz carry-over factor to the predicted forces for the 
wing in the presence of the bodies. For the smallest Wing, poor agree-
ment was obtained; this may be attributable to inadequacy of the analy-
sis of the forces on the body in the presence of the wing. 
3. For a variable angle of attack and an angle of incidence of 00 , 
theory gave the proper variation of the aerodynamic-center location 
with relative wing size. For a variable angle of incidence and an angle 
of attack of 00 , theory gave aerodynamic centers considerably forward of 
the measured locations. The discrepancies in this case were probably 
caused "by neglect of the flow induced by the wing on the body in the 
calculations. 
4. The incremental normal forces produced by a wing-incidence 
change decreased considerably at the high angles of attack as wing size 
decreased relative to the fuselage. 
5. Dorsal fins on the body with the smallest wing eliminated the 
large increase in lo~gitudinal stability above an angle of attack of 220. 
Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif . 
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TABLE I. - COORDINATES FOR THE WING SECTIONS 
(MODIFIED NACA 0005) 
Station Ordinate 
(percent chord) (percent chord) 
o 
1.25 
2 . 50 
5.00 
7.50 
10.00 
15.00 
20 . 00 
25.00 
30 . 00 
40.00 
50 . 00 
60 . 00 
67 . 00 
70 . 00 
80 . 00 
90.00 
100 . 00 
o 
.79 
1. 09 
1.48 
1. 75 
1.95 
2.23 
2.39 
2.48 
2.50 
2.42 
2.21 
1.90 
1.65 
1.50 
1. 00 
.50 
o 
L.E. r adius : 0. 28 percent c 
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Note : Moment centers at 0 .2Sc or cr /2 . 
All dimensions in inches. 
Moment centers b=2/.76 
7:=14.50 
d=/0.88 
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d/b=0./96 
Figure 1.- Model dimensions. 
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Figure 2.- Triangular-~,ling-Dod.y comDinations mounted in one of the 
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